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[57] ABSTRACT 

A capacitance type accelerometer, having a ?st silicon 
plate formed a movable electrode which is moved ac 
cording to acceleration, two second silicon plates 
which are disposed on both sides of the ?rst silicon plate 
with a certain separation distance, and thermal oxide 
?lms which are respectively disposed between the ?rst 
silicon plate except the movable electrode and the two 
second silicon plates and stick the ?rst silicon plate 
except the movable electrode and the two second sili 
con plates together. And further, a capacitance type 
accelerometer, having, a silicon plate formed a movable 
electrode which is moved according to acceleration, 
glass plates respectively mounting a conductive layer 
thereon which are opposite to the silicon plate with a 
certain separation distance and are sticked to the both 
side of the silicon plate except the movable electrode 
and leading wires which are respectively connected to 
the conductive layers through a groove formed be 
tween the silicon plate and the glass plates respectively 
deriving. These capacitance type accelerometers are 
made by processing and cutting a wafer by dicing saw 
without coming into the accelerometer of cutting chips 
or cutting water. 

12 Claims, 17 Drawing Sheets 
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CAPACITANCE TYPE ACCELEROMETER 

This application is continuation of application Ser. 
No. 07/757,648, now abandoned, ?led Sep. 11, 1991, 
which is a divisional application of Ser. No. 07/429,546, 
now US. Pat. No. 5,095,732, ?led Oct. 31, 1989. 

BACKGROUND OF THE INVENTION 

The present invention relates to a capacitance type 
accelerometer using a semiconductor and more particu 
larly to an electro-static capacitance type accelerometer 
suitable for body control or engine control of an auto 
mobile. 

It is required for an accelerometer for an automobile 
to detect acceleration of relative-low level (0 through 
1:1.0 G) and the low frequency (0 to 10 Hz) at high 
accuracy. In addition, 1 G=9.8 m/S2 herein. 
Such accelerometer, as well-known, includes a piezo 

electric sensor conventionally utilizing a piezoelectric 
effect of a piezoelectric material, an electromagnetic 
servo system sensor having an electromagnetic feed 
back mechanism, a magnetic sensor utilizing a differen 
tial transformer, an optical sensor utilizing a photo 
interrupter, and a strain gauge system or a capacitance 
system sensor utilizing a ?ne processing technique of 
silicon. Among them the capacitance type accelerome 
ter utilizing the ?ne processing technique of silicon is 
considered the most favorable, which can detect accel 
eration of the low frequency at high accuracy and pro 
vide an inexpensive sensor. 
The largest problem for packaging the capacitance 

type accelerometer is the package of the lead for the 
electrode. Therefore, several methods are known. 
A ?rst example, as disclosed in US. Pat. No. 

4,483,194, is a method to fetch the lead for the movable 
electrode or the ?xed electrode through a Pt diffusion 
region. The method has the problem in that etching is 
complicated and yield when bonded is poor, the P+ 
diffusion region becomes a large stray capacitance, and 
its voltage dependency is large, thereby deteriorating 
the detection system. 
A second example, as shown in Pages 336 to 339, 

Transducers ’87 (the 4th International Conference on 
Solid-State Sensors and Actuators), is a method to fetch 
the lead from a gap at the bonding portion of the silicon 
plate and a glass base. The method, when a detected 
chip is diced by a usual dicing saw after the silicon plate 
and glass base are bonded in the wafer state, water 
content or chips enters into a space around the elec 
trode through the gap, thereby creating the problem in 
that the performance as the accelerometer is not obtain 
able. 
A third example, as disclosed “Miniature Silicon 

capacitance absolute pressure sensor”, Page 255 to 260, 
I Mech E, 1981, is a method to fetch the lead through a 
bore perforating a glass base. This example is applied to 
the pressure sensor, in which the problem is created in 
the poor lead connection at one bore end caused by 
variation in metallizing condition and the temperature 
characteristic deterioration caused by a large difference 
in coefficient of thermal expansion between the solder 
charged in the other bore end and the glass base. 
A fourth example, as shown in US. Pat. No. 

4,609,968, is a method of using a silicon plate to the 
?xed electrode to package the silicon plate itself as part 
of the lead. In this example, a silicon plate to be the ?xed 
electrode is applied at the periphery thereof with glass 
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powder and baked and then polished at the surface to be 
like a mirror. A movable electrode and a silicon plate 
having a beam for supporting the electrode are lami 
nated and bonded with anodic-bonding. The anodic 
bonding is to apply high voltage at a high temperature 
to glass and silicon to be bonded, in which the movable 
electrode is displaced by an electrostatic force and 
contacts with the silicon plate of ?xed electrode so as to 
be discharged, whereby both the members cannot be 
bonded. In order to avoid this, a gap between the mov 
able electrode and the ?xed electrode must be previ 
ously designed to be larger, or a spring constant of the 
beam must be designed to be larger (in brief, deforma 
tion of the movable electrode with respect to the unit 
acceleration). As the result, the problem is created in 
that high sensitivity essentially possessed by the capaci 
tance type accelerometer must largely be sacri?ced. 
The above-mentioned conventional technique is not 

considered as to the electrode lead package method, 
thereby creating the problem in the productivity, detec 
tion accuracy or sensitivity. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
accelerometer superior in productivity, high in perfor 
mance, and inexpensive to produce. 
The above object is attained by the following meth 

ods. 
A ?rst method is to laminate the silicon plate used 

also as the ?xed electrode through the thermal oxida 
tion ?lms on the upper surface (one surface) and the 
lower surface (the other surface) of the silicon plate 
having the silicon beam and movable electrode, which 
are directly bonded at a high temperature. 
A second method is that glass plates having ?xed 

electrodes are anodic-bonded in the wafer condition to 
the upper and lower surfaces of a silicon plate having a 
silicon beam, a movable electrode and a shallow 
groove, so that a lead wire of ?xed electrode is fetched 
from the groove at the bonding portion, thereby obtain 
ing detection chips by laser dicing. 
A third methods is to form a shallow groove at part 

of a glass plate forming thereon the ?xed electrode and 
to form a lead terminal of ?xed electrode at the bottom 
of the groove and thereafter the groove in part is sealed 
by an insulating material. 
A fourth method is to bond by a low-melting-point 

glass adhesive a silicon plate serving also as the ?xed 
electrode onto the upper and lower surfaces of a silicon 
plate having a silicon beam and a movable electrode. 
A ?fth method is that glass plates having the ?xed 

electrodes are anodic-bonded onto the upper and lower 
surfaces of a silicon plate having a silicon beam and a 
movable electrode, in which a conductive material is 
flled into a through hole formed at a glass plate. 
A sixth method is that glass plates having ?xed elec 

trodes are anodic-bonded onto the upper and lower 
surfaces of a silicon plate having the silicon beam and 
movable electrode, in which the glass plate is anode 
bonded onto the silicon plate through a polycrystal 
silicon layer on a thermal oxidation ?lm formed on the 
silicon plate so that a lead-out terminal for the ?xed 
electrode is fetched while contacting with the polycrys 
tal silicon layer. 
A seventh method is that a glass plate having the 

?xed electrode is anodic-bonded onto the upper and 
lower surfaces of a silicon plate having the silicon beam 
and movable electrode, in which a lead for the ?xed 



5,392,651 
3 

electrode .is drawn out on a thermal oxidation ?lm 
formed to a minimum on the silicon plate. 
For the ?rst method, the silicon plate serving also as 

the ?xed electrode functions by itself as a lead-out ter 
minal for the ?xed electrode so as to simplify the pack 
age method for the lead. As the result, an accelerometer 
superior in productivity and inexpensive to produce is 
realizable. In addition, since the anodic-bonding 
method is not used for the bonding technique, a gap 
between the movable electrode and the ?xed electrode 
is reducible by several microns or less and the spring 
constant of silicon beam is reducible, whereby high 
sensitivity essentially possessed by the capacitance type 
accelerometer can be obtained to thereby realize the 
acceleration sensor of high performance. 
For the second method, since the lead of ?xed elec 

trode is fetched from the groove, the lead terminal and 
silicon plate can be insulated by air from each other, 
thereby simplifying the package of the lead. In addition, 
since the laser performs dicing, water content or chips 
are prevented from entering into the space around the 
electrode. As the result, the accelerometer superior in 
productivity and inexpensive to produce is realizable. 
For the third method, since a lead terminal is formed 

at the bottom of groove and part thereof is sealed with 
an insulating material, even when dicing is applied by a 
dicing saw to detecting chips, water content or chips 
are prevented from entering into the space around the 
electrode. As the result, the accelerometer superior in 
productivity and inexpensive to produce is realizable. 
For the fourth method, since the silicon plates also 

serves as the ?xed electrode, the same effect as the ?rst 
method is obtained for the same reason. 
For the fifth method, since the conductive material is 

completely ?lled in the through hole at the glass plate, 
the lead terminal at the hole end is completely pre 
vented from poor connection, thereby improving a 
yield on production. 
For the sixth method, even when the lead terminal of 

?xed electrode contacts with the polycrystal silicon 
layer, the thermal oxidation ?lm is below the ?xed 
electrode, whereby the lead can be drawn out while 
keeping electrical insulation from the silicon plate. 
Since the lead terminal may contact with the polycrys 
tal silicon layer, the lead terminal is reduced in thick 
ness, so that a gap in the vicinity of the lead createdv 
when the silicon plate and glass plate are anodic 
bonded, becomes smaller as much as neglected. Hence, 
even when the detected chip is cut by the dicing saw, 
water content or chips are prevented from entering into 
the space around the electrode. 
For the seventh method, the thermal oxidation ?lm 

insulating the lead of fixed electrode from the silicon 
plate is minimum and a gap generated in the vicinity of 
the film is small, whereby even when the dicing saw 
cuts the detected chip, water content or chips are pre 
vented from entering into the space around the elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic cross-sectional view show 
ing an embodiment of an accelerometer in the present 
invention. 
FIG. 2 is a diagrammatic view showing an embodi 

ment of a manufacturing process of the accelerometer 
shown in FIG. 1. 
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4 
FIGS. 3 and 4 are diagrammatic cross-sectional views 

showing another embodiments of the accelerometers in 
the present invention. 
FIGS. 5, 6, 7 and 8 are developed cross-sectional 

views of the accelerometer shown in FIG. 1. 
FIG. 9(A), 9(B) and 9(C) are developed plane views 

of the embodiment of the accelerometer shown in FIG. 
7. 
FIG. 10 is an elevation of an embodiment of the ac 

celerometer shown in FIGS. 9(A), 9(B) and 9(C). 
FIGS. 11(A) and 11(B) are equivalent circuits of the 

accelerometer. 
FIGS. 12(A) and 12(B) are illustrations of a position 

ing method for a silicon plate in the wafer state at the 
embodiment of the present invention. 
FIGS. 13, 14, 15 and 16 are developed plane views of 

the another embodiments of the accelerometer. 
FIG. 17 and 18 are diagrammatic cross-sectional 

views showing another embodiments of the electrode 
lead package method in the present invention. 
FIGS. 19(A) , 19(B) and 19(C) are developed plane, 

views of the embodiments of the accelerometer shown 
in FIG. 17. 
FIG. 20 is an elevation of an embodiment of the ac 

celerometer shown in FIG. 17. 
FIG. 21 is a schematic view of an embodiment of an 

terminal assembly of the accelerometer shown in FIG. 
20. 
FIG. 22 is an another embodiment showing the elec 

trode lead package method of the present invention. 
FIGS. 23(A), 23(B) and 23(C) are diagrammatic 

cross-sectional views taken on the lines 23A—23A, 
23B—-23B and 23C—23C of the accelerometer shown 
in FIG. 22. 
FIGS. 24 and 25 are diagrammatic cross-sectional 

views showing another embodiments of the electrode 
lead in the present invention. 
FIGS. 26(A), 26(B) and 26(C) are developed plane 

views of the embodiments of the accelerometer shown 
in FIG. 25. 
FIGS. 27, 28 and 29 are diagrammatic cross-sectional 

views showing another embodiments of the electrode 
lead package method in the present invention. 
FIG. 30 is a developed plane view of the embodi 

ments of the accelerometer shown in FIG. 29. 
FIG. 31 is a diagrammatic view showing another 

embodiments of the electrode lead package method in 
the present invention. 
FIG. 32 is a circuit diagram showing an embodiment 

of a signal processing circuit of an electro-static capaci 
tance type accelerometer. 
FIG. 33 is a voltage wave form of a pulse width 

modulator. 
FIG. 34 is an output characteristic view of the accel 

erometer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Next, the accelerometer of the present invention will 
be detailed in accordance with an embodiment shown in 
the drawing. 
FIG. 1 shows an embodiment of the present invention 

which utilizes the ?rst method. A detection unit of the 
embodiment of the capacitance type accelerometer 
comprises a silicon plate 1, a silicon plate 2 and a silicon 
plate 3, which are directly laminated and bonded 
through electrical insulating thermal oxidation ?lms 4 
and 5. At the silicon plate 2, a silicon beam 6 (a bridge 












